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THE PURPOSE OF THE STUDY WAS TO EXPLORE THE PIAGET 
CONCEPT OF CONSERVATION WITH REGARD TO THE CHILD'S CONCEPT OF 
THE PROPERTY OF LIQUIDS. AN INVESTIGATOR-CONSTRUCTED 
CONSERVATION INVENTORY WAS GIVEN TO 45 KINDERGARTEN AND F IRST 
GRADE PUPILS SELECTED FROM THE PRAIRIE ELEMENTARY SCHOOLS, 
URBANA* ILLINOIS* TO PROVIDE AN INDEX OF THE CHILD'S 

UNDERSTANDING OF CONSERVATION. THIS t ^ V ^ T ^ u id F b^ i ^ 
USING SOLID OBJECTS, VERBAL PREDICTION OF LIQUID BEHAVIOR, 
COMPENSATION PROBLEMS, AND THE MAN 1 PULATION AND PREDICTION 
LIQUID TRANSFER. EACH CHILD WAS GIVEN THE PEABODY PICTURE 

VOCABULARY TEST CPPVT) IN ORDER TO ESTA ®^ S, J r ^Tpl:_ n Afi 
COMPETENCE AND LEVEL. THIRTY CHILDREN WERE IDENTIFIED AS 
NONCONSERVERS^AS A RESULT OF THE PRETESTS AND Dl VIDEO INTO 15 
PAIRS MATCHED ON MENTAL AGE SCORES AND ON THE PPVT. THE 15 
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CONSERVATION INVENTORY BY THE EXPERIMENTAL GROUP, *** J? 
CHANGES ON THE PPVT. THE EDUCATIONAL IMPLICATION IS THAT 
TH6SE PR^ERTIES ^F LIQUIDS THAT HAVE BEEN ASSUMED TO STAND 
FOR CONSERVATION CAN BE TAUGHT THROUGH INSTRUCTION. 
APPENDIXES INCLUDE <1) THE BASIC CONCEPTS TEST, AND (2) 
SPECIFIC TRAINING TASKS USED. CDS) 
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The concept of conservation has received much attention because 
of its role in the theoretical position taken by Piaget. According 
to Piaget (1941, 1960), the child's cognitions developed in a certain 
invariant order, proceding from the sensor i-motor stage of development 
(during which the child has no lasting cognitive structures and is 
influenced by the sensory present), to the concrete operations stage 
(during which the child has progressed to a more distant kind of 
interaction, one which allows him to store data and handle a wider 
range of cognitive processes), to the stage of formal operations. 

The phenomenon of conservation is theoretically associated with 
the concrete-operational stage. This phenomenon has been noted by 
many observers. The child of about 6-7 years recognizes the 
invariance of certain properties of objects or liquids, despite changes 
in the perceptual environment. 

The key question related to conservation is: What is its meaning 

in terms of cognitive developmental theory? Is it a key phenomenon 
demonstrating that the child has the ability to multiply relation- 
ships (the ability to see that for every change in height in a 
column of liquid, for instance, there is a compensating change in 
width) which represents a substantial and important change in the 
ability of the child to process information that he receives from his 
environment? Is the conserving child different from the non-conserver 
in his understanding of reversibility, his schemata of atomism, and 
his ability to attend to the process of transformation rather than the 



end states? 



Another aspect of the conservation concept is that it is supposed 
to be developmentally timebound and cannot be induced through mere 
verbal training. The child is supposed to acquire the concept only 
through 'equilibration' which suggests that the child would grasp the 
concept only through the actual manipulation of concrete objects. 

The present experiment attempts to test some of the aspects of 
this interpretation. It attempts to answer the question: Does the 

conservation response play the theoretical role that it is supposed 
to play? Does the non-conserving kindergarten child have a knowledge 
of reversibility? Does he have the schemata of atomism (the knowledge 
that some matter is made up of non-comprehensible , fixed units of stuff). 
Does he have the knowledge of the transformation process demanded by 
the conservation response? Can his knowledge of conservation be induced 
through instruction that does not provide the experience with concrete 
objects and thus does not allow for equilibration? 

Normative Studies 

There have been many experiments concerned with the emergence of con 
servation responses. In the initial conservation study, Piaget and 
Inhelder (1941) reported a sequential order of acquisition--matter , 
weight, and volume, with conservation of matter emerging at 7-8 years. 
Replications have been conducted by Elkind (1961), Lovell (1959), 

Smedlund (1959), Vinh-Bang (1959), and others. Vinh-Bang obtained norms 
for 1500 Geneva children. His data, like those of Elkind and Lovell, 
generally support the assertion that conservation emerges in the order 
suggested by Piaget and Inhelder --amount, weight, volume. Sigel and 
Mermelstein (1965) reported that the sequence does not hold for rural 
Negro children. Only the girls in this study exhibited conservation 
in the sub stance -weight -volume order. Comparison of six and nine 
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year old boys yieled no significant differences in performance on four 

conservation tasks, 

Conservation-Induction Studies 

The question of how a child is transported from preoperational patterns 
of behavior to concrete operational thought has prompted a number of studies 
Piaget provides a rough sketch of transitional process. He stipulates 
(1960) that the development of mental activity is "...a function of this 
gradually increasing distance of interaction and hence of the equilibrium 
between an assimilation of realities further and further removed from 
the action itself ..." A kind of dynamic equilibrium is suggested between 
assimilation and accommodation . When a cognitive structure comes into 
conflict, a state of disequilibrium exists. To establish a new state of 
equilibrium, the child must internalize a response that produces a new 
and more remote interaction. The entire process revolves around action. 

The stages of equilibrium and disequilibrium that lead to conservation 

of amount are : 

1. The child (out of chance) focuses on one of the two dimen- 
sions of the column of liquid— either the height or the width. His 
actions lead to conflict. 

2. The child, in attempting to resolve contradictions, abandons 
the original focus and attends to the other dimension. His actions lead 
to conflict. 

3. The child, recognizing the failure of strategy two, focuses 

on both dimensions in turn--first width, then height. 

4. Finally, the child considers both height and width 
simultaneously, using compensation reasoni ng, (although the column of 
liquid becomes wider when transferred, it becomes "lower," also). 



The consensus is that the Piagetian interpretation implies an 
internalization process which is relatively independent of "external 
motivators . " 

Snedslund (1961, P. 13) contrasts external reinforcers with the 
internalization process by suggesting that the process of equilibrium 
"is highly influenced by practice which brings out latent contradictions 
and gaps in mental structure, and thereby initiates a process of inner 
reorganization." But the fact that practice can stimulate latent contradic 
tions, according to Smedslund, is not to imply that the contradictions can 
be induced through practice. An explanation based on external reinforce- 
ment, he suggests, is not acceptable, because it would necessitate that 
"...the subjective validity and necessity of the inferences of conservation 
derive from an empirical law." 

Smedslund performed a series of training experiments including one 
which attempted to test the relative effectiveness of external reinforce- 
ment as compared with equilibrium learning. One group of 16 children 
practiced adding and subtracting materials, checking the weight of the 
transformations on a scale. The control group (N=16) did not engage in 
the training sessions, but took the pre- and post-tests. The post-tests 
were administered--the first a week after the pre-test; the second a month 
after the first post -test. Although the experimental group showed improve- 
ment, the control group did also, with four subjects showing stable 
conservation on the post-tests. Smedslund suggested that the experimental 
variables in the experimental training session were neither necessary nor 
sufficient conditions for the acquisition of conservation. He tentatively 
concluded that the cognitive conflict induced by the pre-tests alone 
might be the crucial factor. 
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In another experiment (1961 b), Smedslund attempted to induce 
conservation of substance by practice in conflict situation without 
external reinforcement (although such conditions are theoretically 
impossible). Based on the performance of four of 13 subjects who showed 
development of conservation responses, Smedslund concluded that this 
procedure is more effective than others, and that the experimental 
results tend to favor the explanation of learning as equilibrium. 

In perhaps his most influential experiment (1961 c), Smedslund 
attempted to demonstrate that conservation of weight learned empirically 
by " external reinforcement 11 is a pseudo-concept . He assembled two groups 
of children, one of which acquired the concept of conservation of weight 
through external reinforcement, the other of which acquired it through 
non-experiment al exposure. To test the pseudo-concept hypothesis, he 
subjected the children to extinction trials during which the experimenter 
surrepitious ly removed some clay from the deformed piece so that the 
child was faced with instances of apparent non-conservation of weight. 

All of the experimental children relinquished their concept while about 
half of the others showed resistance to extinction. 

Brison (1965) used "shills" to train conservation responses. Two 
conserving children were present during the training of five nonconserving 
children. On repeating trials, the experimenter filled identical glasses 
to different levels with juice and poured juice from the glass contain- 
ing the most juice to a wider container. He then directed the children 
to point to the container that had the most juice. Brison hypothesized 
that the non-conserving children would follow the lead of the conservers, 
which they did. The experimental children showed improvement, and the 
conservation response transferred to both clay and sand. On an 
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extinction item (in which liquid was returned to a glass that looked 
like the original but had a thick bottom) experimental subjects tended 
to respond in the same way as subjects who previously had acquired 
the concept of conservation. 

Bruner (1964) substituted the terms of enactive, iconic , and 
representational for the traditional Piagetian labels of developmental 
stages, and added a note about the importance of language in the transition 
from the enactive to the iconic stages (which correspond to preoperational 
and concrete-operational). He suggested that the child’s language must be 
activated to solve problem situations where perceptual cues are not obvious 
or present. 

Frank (reported by Bruner, 1964), using an approach considered 
consistent with this explanation, divided the total activity that is 
usually perceived in the liquid -transfer situation into two separate 
acts-- the act of pouring and the act of receiving. She initially placed 
the receiving beaker behind a screen and asked the conservation ques- 
tion. She later removed the screen and repeated the transfer without 
obstruction. Under the split-act condition there was a substantial 
increase in conserving responses among five and six year old children, 
but no change was noted among four year olds. 

Inhelder , Bovet, Sinclair, and Smock (1966) take issue with Bruner 

on the kind of training that should be used to induce conservation. 

A major difference in our procedure, as contrasted to that 
reported by Bruner, is that at no time did our procedures mask 
those aspects of the situation that tend to create obstacles 
to the correct solution. Rather, the experimental arrange- 
ments and procedures were designed to elicit awareness of 
the conflict (i.e., between anticipation and outcome, or 
more profoundly, between perceptual pregnance and opera- 
tional necessity) and of -its source, which is one of the 
presumed necessary conditions for the transition from a 
limited form of reasoning to an operational system. (P. 161) 



Following this line of reasoning, we would be lead to the conclusion 
that any teaching would be best conducted when the critical variables 
are more or less embedded in natural settings. The training procedures 
developed by Bereiter and Engelmann (1966) for teaching academic skills 
to young children contradict this assumption and favor the idea that 
concepts are more readily conveyed when they are isolated and verbalized. 

However, Xnhelder, Bovet, Sinclair, and Smock draw a distinction 
between information (which can be conveyed through language) and processes 

(which are not influenced by language). 

Our general systematic conclusions with respect to the 
effects of language training are straightforward. First, 
language training, among other types of training, operates 
to direct the child's interactions with the environment and 
thus to "focus" on relative dimensions of task situations. 
Second, the observed changes in the justifications given 
for answers in the conservation task suggest that language 
does aid in the storage retrieval of relevant information. 
However, our evidence offers little, if any, support for 
the contention that language learning, per se , contributes 
to the integration and coordination of "informational 
units" necessary for the achievement of conservation 
concepts. (P. 163) 
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METHOD 

* 

Subjects , 

The subjects in the present study were drawn from a total of 87 
kindergarten and first grade children attending the Prairie elementary 
school in Urbana, Illinois. All of these children were given an 
individual administration of the Peabody Picture Vocabulary Test (PPVT) . 
Those children who scored in the mentally retarded range of the test 
were eliminated from consideration. 

From the remaining sample, thirty children were matched by pairs on 
the basis of Mental Age scores on the PPVT. Fifteen of these children 
were randomly assigned to the Experimental group for later training and 
their pair was assigned to the Control sample. Fifteen children had 
already mastered the principle of conservation (according to the criterion 
noted below) formed a third group. 

Table 1 shows the pairing of Experimental and Control groups by CA 
and MA. In no instance was there a difference of over four months of 
MA in the fifteen pairs. The sample, as a whole, was slightly above 
average in ability for their age, reflecting the middle class character 
of the school population. The conservers were somewhat older and more 
mentally advanced than either the Experimental or Control groups. 

A Basic Concept test and the Conservation Inventory (devised by 
the senior author) were administered to each child individually. The 
total testing time per child was about thirty minutes and the motiva- 
tion was consistently high. The Basic Concept test (see Appendix A) 
was designed to test the child's ability to handle concepts that were 
prerequisites to the ability to conserve. These were: 

a. The ability to interpret instructions that required him 
to make a choice. 
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b. The child's ability to multiply relations, to 
produce a compound judgment that A is the same 
color as B and that A is not the same shape as B. 

c. To make a simple judgment involving the concepts of 
more or less . 

The Conservation Inventory was designed to test the generalization 
of compensation reasoning as it applied to liquids and representations 
of liquids, as it applied to three-dimensional solids, two-dimensional 
rectangles, and as the concept is influenced by different perceptions 
or 'end states'. 

Table 1 also indicates the distribution of the present sample 
regarding their initial assignment as a conserver, partial conserver 
or a nonconserver . The criteria for this initial judgment was as 
follows : 



a. If he passed the criterion for the Conservation Inventory 
(first five items correct) and passed all items on the 
Basic Concept test he was labelled a CONSERVER. 

b. If he failed to meet the criterion for the Conservation 
Inventory but passed all the items on the Basic Concept 
test he was termed a PARTIAL CONSERVER. 

c. If he failed to meet the criterion for the Conservation 
Inventory and failed any one of the Basic Concept test 
items, he was labelled a NONCONSERVER. 
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Table 1 

Matching Experimental and Control Subjects on PPVT 



EXPERIMENTAL 


CONTROL 


C0NSE1 


EWERS 


CA 


MA 


CA 


MA 1 


CA 


MA 


Part 


:ial Conservers 






5-8 


5-1 


5-3 


5-1 


7-0 


7-6 


5-9 


5-9 


5-8 


5-9 


6-5 


6-10 


5-4 


5-11 


5-10 


5-11 


6-11 


7-6 


5-4 


6-1 


5-5 


6-1 


7-0 


8-9 


5-5 


6-3 


5-10 


6-3 


6-11 


9-2 


5-2 


7-10 


5-5 


7-10 


7-2 


10-10 


5-5 


7-1 


5-9 


7-3 


6-8 


7-3 


5-9 


6-6 


5-10 


6-8 


6-9 


7-3 


5-3 


6-6 


5-4 


6-10 


6-7 


6-10 


5-2 


5-7 J 


I 5-11 


5-11 


6-4 


7-3 




Non 


Conservers 








5-2 


6-10 


6-1 


6-10 


7-2 


7-10 


5-9 


5-7 


6-1 


5-5 


5-7 


6-10 


5-5 


6-1 


5-5 


6-1 


7-1 


10-4 


5-4 


6-1 


5-11 


6-10 


1 6-7 


8-5 


5-3 


7-6 


6-0 


7-10 


1 68 


8-5 



The Conservation Inventory . 

The ten items of the inventory (which aiz summarized in Table 2) 
are presented in some detail below so that the reader can understand the 
basic tool used in the present study. The questions on the Inventory 
were designed so that the child can answer with either a yes -no response 
or by doing some thing --pointing or operating the juice strip (in items 
4 or 5). The items did not test the child's ability to produce state- 
ments such as 'They do not have the same amount.' or to justify responses. 

The basic questions were phrased in such a way that the child can 
attend to the objects under investigation one at a time. Instead of 
using the phrasing that involves simultaneous examination, "Are they 
the same?' or 'Do they have the same amount of juice?', the questions 
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in the Inventory are phrased 'Does this glass have just as much water 
(or juice) as this other glass?' This question form allows for greater 
clarity of response. The same basic question form is used with six 
items, 1,2,3,4,8,10. 

Items 1 and 2 are presented in connection with two identical 
glass tumblers and one wide glass tumbler. 



1, Fill identical glasses to the same level. Explain, "I want 
this glass to have just as much water as this other glass. 
Does this glass have just as much water as this other glass?" 

Transfer the water from B to C (wide glass). "Does this 
glass have just as much water as this glass?" If not, 

"Which one has more?" 

Same B more C more 

2. Ask, "What would happen if I poured this water back into 
this glass? Would this glass (B) have just as much water 
as this glass (A)?" If not, "Which would have more water?" 

Same B more C more 



Items 3, 4, and 5 are presented in connection with a model (see 
Figure 1) that has two cut-out rectangles supposed to represent glasses. 
The left rectangle is narrow, the right is wide, both are the same 
height. A movable yellow strip can be lowered or raised in the cut-out 
area of a glass by operating a handle that extends beneath the model. 
When the handle is moved, it gives the impression of lowering or rais- 
ing the juice level in the glass. The "glasses" are calibrated with 
ten equally spaced marks on the inner face of the cut-out area, where 
they are not likely to be observed. The marks are read from top to 
bottom with 0 representing a full glass and 10 an empty glass. 
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Table 2 

Conservation Inventory Items 



ITEM EQUIPMENT 



DESIGNED TO TEST 



1 . Two identical glasses 

one wide glass 

2 Two identical glasses 
one wide glass 

3 Model, with only left 
juice strip present 

4 Model, with subject 
adjusting right juice 
strip 

5 Model, with subject 
adjusting right juice 
strip 

6 Stimulus card: dot patch; 

test card: two patches 

having different areas 

7 Stimulus card: rectangle 

test card: two rectangles, 
each having different areas 

8 Two dowels of same length 
but different widths 

9 Investigator, pointer, 
tape mark on wall 

10 Two dowels of same length 

but different widths 



Confusion of level with amount. 
Confusion about expandable nature 
of water. 

Reversibility. 

Confusion of expandable nature of 
liquid: Confusion between level and 

amount 

Discrepancy between verbal statement 
in 3 

Comparison with verbal comment about 
amount. Response consistency with 4. 

Consistency with performance in 
model 

Consistency with performance in 
handling model 

Consistency with performance in 
handling model and glasses 

Confusion about reversibility, 
(compared with Item 2) 

Consistency with performance in 
handling the model. 



mm 
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Figure 1 

Simulation of Juice Level 



A. Cut-out to represent left glass 

B. Movable juice strip 

C. Operating handle 



D. Cut-out to represent right glass 

E. Movable juice strip 

F. Operating handle 



] 

] 
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3. 



4. 



Manipulate both glasses of model and explain, These are 
like glasses. This orange is the juice. Watch.... up to 
the top. Is this glass full or empty? .. .Down to the bot- 
tom. Is this glass full or empty?" 

Fill left glass to the sixth line from the top. "See how 
much juice I'm putting in your glass? Now if you poured 
all of this juice into my glass over here, how much juice 
would I have? Would I have just as much juice as you had?" 
If not, "Which glass would have more juice?" 



Same 



L more 



R more 



"If I poured all of this juice into my glass, how much 
juice would I have? Show me... Show me how my glass would 
look. " 



Between 5 and 7 
Same 



Above 5 
More 



Below 7 
Less 





